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Abstract 

Energy is one of the biggest costs of production in industries and Small scale industries in Uganda 

are faced with a big burden due to the high energy costs they incur in their operations. Due to the 

high costs associated with electricity and fossil fuels, biomass energy continues to supply the bulk 

(81%) of industrial energy demands. However unsustainable harvesting of tradition biomass fuels 

(firewood and charcoal) is leading to depletion and causing a hike in prices of this important energy 

source. This study determined current thermal loads for 4 small scale industries, the costs of the 

fuels used, possible agro waste replacement options and economic comparisons of gasification 

using these fuel alternatives. Questionnaires, interviews and quantitative measurements of the 

various parameters were undertaken to establish current fuel usage and costs. Economic and 

emission reductions analysis were conducted using RETScreen energy planning tool. Results of 

indicated that the current combustion and heat transfer devices are very inefficient leading to 

intensive energy demands. Proposed gasifier systems of the range of 30 kW to 100kW fuel power, 

would cost between US$ 6,156.35 and US$20,371.20. It was further established that installing 

gasifiers and incorporating agro wastes in the fuel mix (60%) would greatly reduce expenditure on 

fuels with pay back periods ranging from 0.4 – 3 years. Risk analysis further showed that fuel costs 

and operations and maintenance would attract the highest risk to the net present value of each 

proposed gasifier installation. From these results, it was recommended that gasification coupled 

with use of agro wastes provides viable cheap alternative for small scale industrial thermal energy 

needs 
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1 Chapter one: Introduction 

1.1 Energy demand outlook 

As the world’s oil resources reach their peak and while global warming and other effects it brings 

continue to beleaguer the world, sustainable energy generation, distribution and utilization 

programmes have taken centre stage on political and socioeconomic agenda. World economies 

have, on an unprecedented level, joined hands to reduce dangerous emissions produced from 

energy generation, distribution and utilisation that are the lead causes of drastic climate changes.  

In addition, the continuous rise in oil prices over the past decades has prompted countries to seek 

solutions to reduce on their dependence on oil.  

 

According to the International Energy Agency, the industrial sector worldwide is the largest 

consumer of energy accounting for 28% of total energy demand (IEA, 2010). Large scale industries 

use mainly electricity for their operation while small scale industries depend on a mix of energy 

sources with industrial sector depending heavily on electricity and fossil fuels. In Uganda for 

example electricity tariff is lower for large-scale industries than for small-scale industries.  

 

Small scale companies on the other hand depend more on traditional biomass. Uganda’s industrial 

use of biomass energy accounts for over 10% of the biomass energy use (MEMD, 2008a). This is 

a result of the prohibitive costs associated with electricity and petroleum. Furthermore, the low 

and erratic supply of electricity has forced industries to seek alternative energy options – hence 

biomass.  

 

1.2 Overview of the energy options for small scale 

industries in Uganda 

 

Uganda presently depends heavily on biomass in its small-scale industries. By 2001, it was estimated 

that over 150 million US$ was saved by using biomass instead of fossil fuels in the industrial sector 

(MEMD, 2001).  It has also been shown in the various annual reports of the Ministry of Energy 

and Mineral Development that biomass energy has consistently provided the largest percentage of 

Uganda’s energy needs. This encompasses the energy needs of small and medium scale enterprises.  

For example, in the 2011 energy balance, only 96,320 tonnes of energy equivalent (toe) representing 

only 7% of total energy consumption (see chart 1 below) in the industrial sector while biomass 

supplies to 81% total demand (MEMD 2012). 
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Figure 1: Percentage Energy Consumption from various sources for industrial 
applications.  

(Source: MEMD, 2012) 

 

Electricity lags behind due to high power tariffs and unreliable supply of power due to demand 

outstripping supply. For this reason, small scale industries which form the majority of the industrial 

energy users rely heavily on biomass (mainly firewood and charcoal) which is cheaper, and more 

readily available 

 

Literature reveals various figures of power deficit in energy for instance, Cocks [2007] puts 

electricity deficit at 140MW of power and with demand expected to reach 800 MW by 2015 while 

Mugerwa [2009] suggests a much higher deficit of 700MW with generation providing a mere 

300MW of the required 1000 MW of electricity.  

 

Larger industries depend a lot on availability of electricity supply. About 60% of electricity 

consumption in Uganda is for industrial development. Hence limitation in supply of electricity is 

affecting industrial development.  

 

Currently, industries use about 45% of the electricity generated [MEMD, 2007b]. This figure is 

expected to rise further as the country becomes more industrialised. This percentage however 

represents mostly energy for large industrial applications because they receive preferential tariffs 

(table 1). 

 

Consumer type Previous  (up to 

March 2011) 

(UGX/ kWh) 

Proposed (2011) 

(UGX/ kWh) 

Percentage increase 

in electricity price 
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Domestic  386 462 19.7% 

Street lights 364.6 451 23.7% 

Commercial  358.6 445.4 24.2% 

Small – scale industries 333.2 457 37.2% 

Large scale consumers 184.8 321 73.7% 

Table 1: Current and proposed electricity tariffs for Uganda. Industrial energy will have the highest 
percentage rise in the tariff Source: Electricity Regulatory Authority (ERA) 2011, 
WeInformers, 2011 

 

1.2.1 Petroleum supply trends for industrial energy applications 

 

Oil prices have steadily increased world over and Uganda’s scenario is not much different. There 

have been steep increases in fuel prices over the last few years with the highest values recorded at 

UGX10,000 for a litre of gasoline upcountry [Biryabarema, 2008] up from UGX 2,150 [Kirya, 

2006].  Current (July 2011) pump prices at average UGX 3700 for gasoline and UGX 3300 for 

diesel oil. Uganda’s oil prices are not only affected by global conditions but also regional security. 

The petroleum prices hit record high during the aftermath of Kenya’s election and the violence 

that ensued (December 2007). The following characteristics of oil fuel supply in the country have 

rendered oil prices very volatile perpetually.  

 

1. Lack of functional indigenous oil refineries 

2. Lack of a steady and secure supply system such as a pipeline from nearby oil producing 

countries 

3. Poor railway line management forcing most of oil imports to be ferried by road. 

4. Poor road networks cause frequent accidents and loss of large volumes of fuel while in 

transit. 

5. Poor and /or weak policies that render the sector development to lag behind. A case in 

point is the free market economy where the final price of fuel is set by the private dealers 

rather than a government body.   

 

According to MEMD (2008a) total oil imports for 2008 were at 915,106 m3. Of this 144,893.62 

(15.8%) was used in industrial power generation purposes the rest being for transport.  

 

Of the total fossil fuel imports, 20% of the liquefied petroleum gas (LPG), 100% of fuel oil and 

22% of diesel is used for industrial application. The heavy fuel oil (HFO) imports are used to power 

four thermal plants while diesel is used for smaller generators individually owned by industries. On 

the other hand, LPG is mainly used for heat generation applications. 

 

1.2.2 Biomass energy use in industries 
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Uganda has developed the renewable energy policy [MEMD, 2007a] with reforms intended to 

move the country towards achieving sustainable energy generation and utilisation. Through its 

implementation, the country intends to increase its dependence on renewable forms of energy for 

residential, commercial and industrial energy demands by using the common existing forms of 

renewable technology on the market, including hydropower technology, solar photovoltaic and 

solar water heating technologies, as well as biomass gasification technologies.  

 

The energy policy for Uganda [MEMD, 2005] gives the overall picture of Uganda’s energy 

resources and modes stipulated in exploiting these resources for sustainable development. The 

policy emphasises, energy efficiency especially for households, industrial and commercial 

consumers.  

 

Biomass energy demand in the country accounts for 92.1% of its total energy requirements 

[MEMD, 2007b] 68.9% of which is used in households. The rest is shared between in industrial, 

commercial and transport sectors. The National Biomass Energy Demand Strategy (NBEDS) 

document of Ministry of Energy and Mineral Development (MEMD) established that wood fuel 

supplies 10 times the value of electricity or petroleum utilized by Uganda’s industrial sector; wood 

fuel accounting for UGX 10 billion compared with UGX 1 billion for electricity and UGX 1 billion 

for petroleum (MEMD, 2001).  

 

Energy for small and medium scale enterprises is mainly from biomass with most common uses 

including seed and fruit drying and roasting, baking, curing, fish smoking, sugar milling, tea 

processing and other processes.  

 

The government is also promoting development of agro-based industries to add value to Uganda’s 

agricultural products. Most small-scale industries in Uganda are agro-based dealing in food 

processing using biomass as a fuel source. Wood fuel is mainly used for drying, baking, roasting, 

frying and for steam generation.  Most of these small-scale industries used wasteful technologies 

and processes in their production leading to increased costs of production and high demand for 

biomass energy.  

 

As a result of the ever-increasing demand, supply of biomass is dwindling due to increasing demand 

and unsustainable use the costs of production for these small industries even higher. To compound 

this replacement of used biomass is much less than the demand leading to rapid deforestation 

across the country. The National development plan (NDP) indicates that 1,329,570 hectares of 

Uganda’s forest cover was lost between 1990 and 2005 accounting for 27% of the country’s 

resource (NDP, 2010).  

 

Industrial use of wood fuel accounts for about 2.8 million tonnes per year (MEMD, 2008b). It is 

estimated that the bulk of this is used in small scale industrial applications (drying, curing, baking 

and roasting of agro products, in kilns and furnaces). Biomass use in industries increased from 

1,064 million tonnes per annum (MEMD, 2005) in 1998 to 2,789 tonnes per annum an increase in 

demand of 62% in ten years. This has added pressure to the biomass energy resources in the 

country. Moreover data available shows that industrial use of agro wastes is almost zero tonnes per 

year (MEMD, 2008b). The NBEDS estimate of agro wastes that can be used for energy generation 
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was 8 million tonnes per year by 2001 (MEMD, 2001). This figure is expected to have increased 

substantially with increase in acreage for agriculture over the last 10 years.  

  

According to the Uganda Bureau of Statistics (UBOS), Uganda’s industrial sector is mainly 

dominated by food processing producing 40% of volume sales based on the index of production 

(UBOS, 2009). Most of these industries have easy access to biomass from agro wastes which could 

provide a valuable source of energy for their processes.   

 

The recent sharp rise in wood fuel and charcoal is further increasing the costs of production for 

the small-scale industries. Prices of charcoal in Kampala have been reported in the media to be at 

an all-time high of UGX 70,000 up from UGX 30,000 in less than a month (Nantaba E., 2011). 

This is a result of reduction in supply as the biomass energy resources continue to dwindle. 

 

 

1.3 Overriding challenges in Uganda’s energy sector 

 

1.3.1 Tough Laws 

 

Government agencies including National Environmental Management Authority (NEMA) and 

National Forestry Authority (NFA) have developed laws to curb deforestation making access to 

biomass resources for industrial applications even more precarious.  Transportation of wood fuel 

in large quantities attracts fines from forestry officers. In most areas, wood fuel has become scarce 

over the years due to human activities on the land. Small-scale industries therefore have to get their 

fuel supplies from far sources leading to high transportation costs.  

 

These conditions make it increasingly harder to operate biomass dependant small-scale industries 

like bakeries, grain millers, coffee packers, tea processors, sugar mills, among others that depend 

heavily on forest resources for their thermal power needs. 

 

1.3.2 Poor Conversion Technologies 

 

Solid biomass fuel requires proper handling before it is fed into the combustion devices. Fuel 

management mechanisms include drying, sorting, chopping and proper storage in order to achieve 

the most out of wood fuel. The common practices in small-scale industries however do not employ 

proper fuel management. Furthermore, combustion devices are also based on traditional 

technologies that depend on rudimentary fuel metering solely based on user observation of the 

status of the products.  Consequently, the uniformity in heat distribution in such processes is also 

very hard to achieve. In many cases, as a means ensuring that the products receive the required 

heat, a lot of firewood is used.  To improve on the product quality, it is imperative that industries 

operate using fuels whose combustion can be easily controlled.  Petroleum products are however 

not the answer to this as their prices have continually increased over the years. 
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This research was set to investigate the potential of gasification of non-woody biomass for 

industrial thermal processes as a means of increasing energy efficiency and reducing energy 

demand.  

 

1.4 Problem statement 

 

Small-scale industries make the largest percentage of industries in the country. They are very 

important subsector that provides employment to thousands of individuals, feed market demands 

and in some cases provide semi-processed goods for the large industries. They can therefore not 

be overlooked in the sector.  

 

Energy characteristics of these small-scale industries show a general dependence of wood fuel and 

oil products. However, scarcity of wood fuel supplies is pushing the cost of firewood higher with 

prices doubling over the last half decade.  

 

Agro wastes are an abundant fuel source which in most cases has been neglected. Only a few large-

scale sugar plantations use part of their wastes for heat generation. Maize cobs, rice and coffee 

husks, ground nut shells and many other wastes are simply disposed of at farm gates and processing 

centres. Most processing centres actually have challenges ridding their immediate environment of 

these wastes.  Conventional biomass has therefore continued to be the fuel of choice even with its 

scarcity all over the country, and more so in the cities where most SMIs are located. 

 

SMIs in Uganda are equipped with low-tech processing technologies that are costly to maintain. 

Roasters, kilns, ovens, mainly feature traditional firing systems composed of open fires operated 

by direct combustion of traditional biomass. Such systems are inefficient in their use of energy 

hence increasing operational costs of the entire plant. A case in point is on ovens which are built 

with very thick un-insulated walls requiring heating for hours before actual baking temperatures 

are achieved. 

 

To compound these challenges even further most small-scale industries in Uganda depend on 

semi-skilled workforce whose lack of proper energy management training leads to losses due to 

poor energy management. As a result, small-scale companies operate at very high costs leading to 

low profit margins. In many cases they are pushed out of business as costs of production render 

their products to expenses to compete favourably in the markets. 

 

This research assessed the viability of gasification for thermal applications as an alternative to 

current fuel conversion technologies in small-scale industries. 

 

1.5  Project Objectives 

 

The main objective of this project was to determine the thermal energy requirements of small scale 

processing industries in Uganda.  
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The specific objectives of this research were to: 

 

1. Determine current thermal loads of the selected small scale industries  

2. Determine current energy costs using the given systems   

3. Determine possible agro-waste replacement options and their feasibility  

4. Make cost analysis of gasification with a wood fuel and agricultural residue fuel mix vis-a-

vis the current fuel sources and combustion devices. 

 

 

1.6 Justification 

 

1. Biomass resources especially wood fuel is running out and a number of districts of Uganda 

are facing scarcity due to unsustainable exploitation. Forests are being cut down to provide 

wood and timber to the construction and processing industries. Large-volume logs are 

used in their raw bulky state for institutional cooking needs, in bakeries, brick kilns, 

tobacco curing barns, tea processing factories and other small and medium-scale 

enterprises (SME). New approaches towards sustainable cleaner means of handling this 

fuel need to be explored. 

 

2. The biomass gasification technologies offer clean means of converting woody and non-

woody biomass into producer gas that can be used for both thermal and electrical loads.   

3. Because of its fuel flexibility, gasification technology can be adopted for a number of 

biomass resources such as: 

- Wood fuel (also referred to as firewood) 

- Agro wastes (bagasse, rice and coffee husks) 

- Industrial wastes from wood processing plants (wood chips, barks, sawdust, off-

cuts, among others) 

- Municipal solid wastes (MSW) 

4. Another reason that gave relevance to this project was the fact that in Uganda, use of 

producer gas is so far very limited with only about 5 units installed countrywide. There is 

no published information of the applicability of gasification technology especially for small 

and medium scale industries in Uganda. Only one tea-processing factory uses a gasifier for 

thermal application and its performance characteristics were unknown.  

 

It is only Makerere University (MUK) in partnership with Royal Institute of Technology (KTH) 

that have carried out trials on feasibility of gasification of Uganda’s agro-products and results have 

indicated that the process is feasible for the tests so far carried out. Field trials had not been done 

before and potential markets for gasifiers for thermal and / or combined heat and power 

generation were not tested prior to this research. 
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This study therefore sought to shade some light in the operations of common small-scale industries 

through understanding their thermal energy requirements as a step towards introducing and 

popularising gasification technologies to SMEs in the country. This would directly lead to reducing 

energy demand through increased efficiency, reducing energy costs and therefore increasing 

profitability of the companies, and utilising abundant agro wastes as fuel sources thereby reducing 

environmental degradation that results from use of wood fuels and poor disposal of agro wastes.  

 

1.7 Scope of the research 

 

This research will be limited to the following areas: 

1. Only thermal loads of the selected industries were considered. However, auxiliary electrical 

loads used to drive blower / motors used in thermal power generation were also 

considered. 

2. The industries considered were small-scale in nature. Below is a list of processing 

industries expected to be investigated in this research 

 Bakeries 

 Coffee processing factories 

 Soy processing factories 

 Maize processing 

3. Nine industries were targeted for data collection and comparison. Three industries were 

to be assessed for each of the agro product mentioned in (2) above. However, lack of 

cooperation from industries caused a reduction in data points from 9 industries to 4 

industries.  
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2 Chapter two: Literature Review 

 

2.1 Definitions and classification  

 

Many terminologies that have been used throughout this study require clear definitions. The 

definitions given below are chosen because they offer the closest interpretations to the 

terminologies though they could have many other definitions. 

 

2.1.1  Biomass 

 

For this research biomass is defined by Skoglund et al [2005] as “all organic matter produced by 

photosynthesis whether living or dead, but found on the earth surface”.  This definition eliminates 

crude oil and coal that are naturally located below the earth’s surface and require mining.  

 

Biomass can be further divided into woody and non-woody categories. The woody biomass comes 

from forest products including trees and shrubs whereas non-woody biomass includes agro 

residues such as corn cobs (also called maize cobs), sugarcane bagasse, coffee and rice husks; 

municipal solid wastes among others.  

 

World over biomass is considered one of the renewable sources of energy. The total global 

production is estimated at 220 billion dry tonnes per year [Hislop and Hall, 1996]. Developed 

countries tend to have limited biomass energy use in their energy mix while biomass accounts for 

90% of the energy demands in some developing countries.  

 

2.1.2 Gasification 

 

Gasification, according to Rajvanshi [1986] is the incomplete combustion of biomass resulting in 

production of combustible gases consisting of carbon monoxide (CO), Methane (CH4) and 

Hydrogen (H2).  Wikipedia [2009] defines gasification as a process that converts carbonaceous 

materials such as coal, wood fuel, household wastes, etc into carbon monoxide and hydrogen by 

reacting the raw materials with oxygen or steam. Other bi-products of gasification include chars, 

tars, ashes and nitrogen gas. Depending on the type of biomass and the gasifying agent used, the 

quantity of these products of gasification varies widely and consequently the energy content of the 

producer gas varies.  

 

2.1.3 Producer Gas 

 

The main reason for carrying out gasification is to make producer gas. This gas contains varying 

fractions of methane, hydrogen, carbon dioxide and minute quantities of hydrocarbons depending 
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on the gasification method employed and the raw materials used. Furthermore, nitrogen 

contributes a great percentage of the producer gas whenever air is used as the gasifying agent.  

Table 2 below shows composition of producer gas from various fuels using air as the gasification 

agent using a down draft gasifier 

 

Fuel CO (%) H2 (%) CH4 (%) CO2 (%) N2 (%) 

Charcoal 28-31 5-10 1-2 1-2 55-60 

Wood (12 – 20% moisture) 17-22 16-20 2-3 10-15 50-55 

Wheat straw pellets 14-17 17-19  11-14  

Coconut husks 16-20 17-19.5  10-15  

Coconut shells 19-24 10-15  11-15  

Pressed Sugarcane 15-18 15-18  12-14  

Corn cobs 18.6 16.5 6.4   

Rice hulls pelleted 16.1 9.6 0.96   

Cotton stalks cubed 15.7 11.7 3.4   

Table 2:composition of common sources of biomass for gasification. Source: Rajvanshi [1986] Biomass 

Gasification 

 

2.1.4 Gasifiers 

 

The process of gasification is carried out at limited air flow and requiring the fuel to be heated to 

temperatures of more than 700oC without burning in a vessel called a gasifier. The types of gasifiers 

on the market include:  

 

1. Fixed bed gasifiers  

i. Updraft gasifiers 

ii. Downdraft gasifiers 

iii. Cross-draft gasifiers 

2. Fluidised bed gasifiers 

i. Pressurized bed 

ii. Circulating bed  

iii. Bubbling bed 

 

2.2 Gasification Processes and Equations 

 

Gasification process occurs in four main stages namely:  
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2.2.1 Drying: 

Water from biomass is removed by evaporating it off using heat energy in the reactor (gasifier). 

Water in ain fuels is bound in several ways including: 

- Enclosed in cavities 

- Capillary attraction 

- Chemically bound in particles. 

 

The drying process utilises some of the energy from the combustion step in the gasification process 

(Erlich, et al, 2006). 

 

2.2.2 Pyrolisis: 

During pyrolisis, tars, all volatile materials and carbon dioxide in the fuel are driven off. Pyrolisis 

of biomass takes place between 280 and 500oC (Rajvanshi, 1986).  Pyrolisis occurs according to 

the following reactions. Studies show that 70 -80% weight of biomass is volatiles. [Erlich et al., 

2006] 

 

2C + CO2 = 2CO 

C + H2O = CO + H2  

CO + H2O = CO +H2 

C + H2  = CH4 

CO2 + H2 = CO + H2O  

 

The solid residue left is composed of mainly elemental carbon and ash (inorganic compound). 

Pyrolisis is an endothermic reaction and therefore demands a source of heat for it to occur. In 

most cases, oxidation of the volatiles from pyrolisis leads to combustion producing heat for further 

pyrolisis. To be able to get producer gas, limited amount of oxidant are supplied in the gasifier, 

(typically, m = 0.2 – 0.4). 

 

2.2.3 Combustion: 

In some gasifiers, the producer gas formed during the pyrolisis is burnt immediately above the 

gasification chamber; an example of this is in the top lit updraft gasifier [Anderson, et al., 2007] 

 

2.2.4 Reduction: 

In the final stages, char is reduced to form gases according to the following reactions (Sofialidis et 

al, 2001). 

 

C + CO2 = 2CO  

C + H2O = H2 + CO  
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C + 2H2 = CH4  

H2O + CH4 = CO + 3H2 

 

The four stages overlap in the gasifier though they tend to be shown occupying distinct zones in 

gasifiers.  Reduction processes start at 1000oC and end at about 700oC in a down draft gasifier. 

(Erlich et al., 2006) 

 

2.3 Gasifier classification  

 

In section 2.1.4, three types of gasifiers were introduced namely, updraft, down draft and fluidised 

bed gasifiers. These are the basic configurations of gasifier technologies most commonly used. 

From these three, other variations in designing are made with aims of increasing certain 

performance characteristics.  

 

2.3.1 Updraft gasifiers 

 

These are perhaps the oldest and most basic versions of gasifiers. In their configuration, air is 

supplied at the bottom of the gasifier vessel while fuel is fed from the top. Controlled heating is 

done starting at the bottom such that combustible gases are released from the fuel. These gases are 

collected from a top while fresh fuel is delivered at the top (see figure 1 below). Distinct firing 

zones are easy to show in updraft gasifiers. 

 

Figure 2: An updraft gasifier showing the various reaction zones.  

Source: Uttam Urja Biomass Gasifier Biomass Gasifier  
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Characteristics of updraft gasifiers include: 

1. They have very simple designs and can be easily fabricated by local tinsmiths. 

2. Have long start time 

3. Utilise a wide range of fuel options with no adverse effects on the combustion system 

4. Can be used for both large and small-scale applications 

5. The temperature of the gases leaving the gasifier is relatively low (300 – 400oC) [Erlich 

et al, 2006] 

6. Up draft gasifiers have high gasification efficiency due to their high char conversion 

and low exit temperature of gases. 

7. Producer gas from updraft gasifier can be used for thermal applications in kilns, 

furnaces and boilers. 

 

2.3.2 Downdraft gasifiers 

 

Unlike the updraft gasifier technology, down draft gasification involves air/steam/oxygen and fuel 

flowing in one direction. In this gasifier design, most tars are reduced to none condensable gaseous 

compounds before leaving the gasifier. The design and operation of a down draft gasifier requires 

higher skills if tar-free producer gas is to be achieved. The main characteristics of a downdraft 

gasifier include: 

1. It can use high tar fuels 

2. Has shorter starting time when compared to the updraft gasifier systems 

3. Has more complex design system 

4. Requires high skilled operators 

5. Cannot be used to gasify high ash fuels 

6. Requires uniform fuel sizes (pellets) for proper operation 

7. Producer gas from downdraft gasifiers can be used in internal combustion engines, 

chiefly because of its low tar content. 

8. The biggest drawback of the current designs of downdraft is the fact that they cannot 

be scaled up because increasing the diameter of the bed will lead to reducing the 

amount of fuel that reacts at the centre. The effect will then be high tar content in the 

producer gas since the required temperature for cracking the tars will not be reached 

with the large diameters (Erlich et al., 2006).  

 

Downdraft gasifiers are further divided into open-core and closed constricted gasifiers. Open-core 

gasifiers have a simple design that leads to greater fuel flexibility. However, open-core designs are 

associated with high tar content in the gas and a general lack of a stable pyrolisis zone.  

 

Closed constricted gasifiers have a constriction in the lower part of the reactor where high 

temperatures are maintained (see figure 2 below). In this design, air is supplied at a lower position 
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in the reactor. The constriction makes feeding varying fuel sizes impossible and for optimum 

performance, a predetermined fuel size and shape needs to be used. The gas from the closed 

constricted type of gasifier has lesser tars because most of the Tars are reduced in the stable 

pyrolisis zone created by the constriction.  

 

The above two types of gasifiers are also categorised in the larger group of gasifiers called moving 

bed gasifiers.  

 

 

Figure 3: A down draft gasifier 

Notice the constricted area marked by the distillation zone up to the hearth zone. Source: Uttam Urja, Biomass 

Gasifier  

 

2.3.3 Cross draft Gasifier 

 

A third variation to these two types is the cross draft gasifier where the gas flows perpendicular to 

the fuel flow  (See figure 3). 

 

Cross-draft gasifiers have similar characteristics to those of the down draft gasifiers. The cross 

draft gasifiers are designed to use very low tar fuels such as charcoal. The advantage of these 

gasifiers is the fact that they don’t require complex cleaning processes. They are also simple designs 

though they cannot be scaled up for large-scale operations.  
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Figure 4: A Cross-draft gasifier 

 

2.3.4 Fluidised bed gasifiers 

 

Fluidised bed gasifiers are the most advanced forms of gasification technologies. Fluidised bed 

gasifiers operate at uniform gasification temperatures between 750 – 900oC (Erlich, et al., 2006). 

No distinct reaction zones can be shown since there is a lot of mixing in fluidised bed gasifiers. 

Fluidised bed reactors offer large-scale capabilities and can therefore be scaled to produce several 

megawatts of heat and electricity. The main advantages of these reactors are their compact design, 

better temperature (and therefore gas flow) control and their scalability to large-scale systems. 

However, fluidised bed gasifiers produce gas with high tar and dust contents thereby requiring 

extra installation for gas cleaning (Erlich, et al., 2006). The producer gas at times has high alkali 

metals in vapour state that can corrode the auxiliary systems.  
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Figure 5: A typical Fluidised bed gasification systems  

(Source: Graboswki ,2005) 

 

2.4 History of Gasification 

 

The earliest gasifiers were built long before the 1st world war. In fact, various authors have indicated 

that the earliest gasification technology to have been in the early 19th century. Lynch (2006) 

mentions Germans in 1800 used this gas in their steel making industries with the greater Europe 

joining in to use the heating gas from coke, peat, wood fuel and coal in 1840s.  By 1850, producer 

gas was used for street lighting in cities. One of the earliest manufacturers of was Siemens whose 

gasifiers had gained extensive use by 1860s (Grabowski, 2004). The reasons for the advancement 

of gasification at the time included abundance of coal, coke and wood fuel as row materials for 

producer gas production.  

 

However, the end of the century, gasification lost its initial momentum, as oil became the choice 

fuel. More and more oil deposits were explored and due to its homogenous property, it was easy 

to adapt for internal combustion engines, electricity generation and thermal loads. 

 

German engineers developed biomass gasifier – powered vehicles to tackle their power crisis 

during the Second World War. An estimated nine million vehicles were using biomass gasifier 

powered engine by 1945 (Rajvanshi, 1986). Easy access to cheap oil after WWII led to decline in 

use of the biomass gasification technology, its application in vehicles reduced to almost zero. 

Producer gas 
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However, some countries continued to carry out research and development of large-scale 

gasification plants; key among these was Sweden.  

 

 

2.5 Advances in Gasification Technologies and 

Applications  

 

Since its discovery, biomass gasification over the years gained, then lost, and more recently regained 

its place among the energy technologies under consideration interest world over (see table 3). 

Whereas in developing countries, biomass provides between 25 – 90% of the energy needs (Obura, 

2005), the developed world uses high technology conversion systems to transform solid biomass 

and wastes into useful energy.  

 

Year Technology /Event Reasons for development 

1839 Bischof gas producer Technology invention  

1861 Seimen’s Gasifier Wide scale adoption 

1890 – 1920 Gas engines and Suction gasifiers Colonial power requirements 

1926 Winkler Fluidised Bed Gasifier One of the first scalable technologies 

1930 Comite International – du bois Vehicle 

gasifier development 

Transport energy needed 

1940 – 1948 15 GW mobile gasifiers  600,000 vehicles using gasification 

1970s MSW gasification Reduction of MSW burden and 

providing power 

1973 Vehicle gasifier reintroduced Oil shocks 

1980 Large demonstration projects for 

production of liquid fuels e.g. methanol 

Second oil shock 

1980s IGCC and synfuels proven technologies Production of biofuels and large scale 

power generation  

1990 Renewed interest in gasification Environmental conservation 

Table 3:The genesis of gasification technology (Source: adapted from Grabowski [2004]) 

 

Sweden has played a leading role in development and use of modern gasification technologies 

[Ravjanshi, 1986, Grabowski, 2004] (table 4). According to Fakhrai, [2007] in Sweden, 21% of the 

country’s energy is from biomass, see table below. Gasification is mainly important in combined 

heat and power plants (CHP) and in heat cool and power plants (Tri-Gen Plants).  
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Table 4: Swedish energy development Source: Fakhrai [2007]  

 

Most gasification technologies were thus designed with power generation in mind. Due to the 

nature of biomass, most of these technologies have had to incorporate advanced gas cooling and 

cleaning mechanisms before using in engines or gas turbines.  

 

The modern gasifiers are usually connected with solid oxide fuel cells (SOFC) or integrated 

gasification combined cycle (IGCC) power plants to produce process heat and power yielding total 

efficiencies above 95%. Such plants can range from between 50MWth to 500MWth. Micro turbines 

and internal combustion engines that use the cleaned producer gas also exist.  

 

2.6 Gasification potential in Uganda 

 

2.6.1 Municipal solid wastes 

 

In Uganda, biomass gasification has a very high potential due to the presence of many easily 

accessible fuel options across the country. Municipal solid waste collected in Kampala city alone is 

composed of up to 90% biodegradable agro wastes. The main components of MSW in Uganda is 

vegetable matter forming up to 80 % (Buchholz & Da Silva, 2009), and tree cuttings with 8.4% 

(Bingh, 2004). These can be treated to suit fuel needs of modern gasifiers. Various authors have 

evaluated the potential of setting up of MSW based gasifiers for electricity generation in Kampala 

city and its suburbs. Studies further reveal that MSW produced is either burned on site at homes 

and in skips or ferried to collection centres. Skoglund et al (2005) indicate that only 39% of the 

total MSW produced in the city is actually transported to the landfill at Kitezi, Kampala. The 

remaining 61% is usually burnt on site causing environmental (air) pollution (Bingh 2004) and its 

related impacts.  
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2.6.2 Agricultural residues 

 

Agro wastes are another abundant source of fuel that is normally underutilized in Uganda. Uganda 

produces agro wastes to the tune of 934,030 tonnes. These wastes have a total heat value of 2.6 

TWh per year (Bingh, 2004). The table 5 below shows the breakdown of agro wastes and their 

energy contents.  

 

 Production (tons) Moisture content 

(%) 

Lower 

Heating 

Values 

(MJ/kg) 

Available 

heat energy  

(GWh) 

Bagasse 452,200 50 17.7-17.9 945.1 

Maize cobs 234,000 15 16.8 – 18.1 673.9 

Rice husks 29,430 9 15.7 106.2 

Coffee husks 160,000 15 17.2 571.2 

Ground nut husks  62,400 7.9 18.6 323.9 

Totals 938,030   2,620.3 

Table 5:Table 5:Fuel potential from agro wastes in Uganda (Source: Bingh [2004]) 

 

2.6.3 Woody biomass resource 

 

91.4% of the country’s population is dependent on biomass energy resources (MEMD, 2007b). 

With such a high dependence coupled with unsustainable utilization, biomass is generally reducing 

at a very fast rate. Current estimates of loss of vegetation to agriculture and energy activities stand 

at 80,000 hectares per year.  

 

There is over dependence on wood for fuel supply mainly for household energy. Conversion 

technologies are primitive leading to low efficiencies of up to 15.6% for end user 3-stone fire stoves 

[MEMD, 2006]. Charcoaling accounts for about 88% losses during conversion.  

 

Encouragement of use of gasification could reduce these losses since gasification provided better 

conversion efficiency. Even with the present state of widespread deforestation, it’s not too late to 

start practising sustainable biomass utilisation. Incorporation of gasification technologies is one of 

the steps towards this approach. 

 

2.7  Barriers to Biomass gasification technology adoption 

in Uganda 
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With so many potential applications for biomass technologies in the country, gasification 

technologies are still very few in Uganda. There is a handful of installed technologies operational 

to-date. Three systems have been installed in educational institutes for research and trial purposes. 

These include:  

1. Makerere University 

2. Kyambogo University 

3. Nyabyeya Forestry College 

Another two systems are currently being used in tea processing operations in the western part of 

the country. One small-scale gasifier is installed in Mukono for power generation. A few more 

small-scale installations are existing but not documented. 

 

Whereas the potential to incorporate gasification in heat and power generation is very large, the 

adoption rate is still very low. The author suggests a few reasons for the low adoption below: 

 

1. Awareness: most small and medium-scale industries do not have information on the 

advantages of retrofitting their current heat generation systems with gasifiers. Knowledge 

of gasifiers is very low and this reduces their adoption rates. 

 

2. Lack of Government intervention: Much work is being done to increase power generation 

and rural electrification in Uganda. However, even the current trends show that electricity 

tariffs will remain high in the near future. This coupled with the fact that government has 

done little to promote gasification research, development, marketing and adoption, means 

that even start-up small-scale industries are looking at electricity for their production. 

 

3. High investment costs: most small-scale industries operate on low budgets and cannot 

afford investing in new technologies such as gasification systems. The Government and 

other foreign investors would therefore be the most appropriate champions in advancing 

gasification through setting up favourable loans on these equipment, tax holidays, etc.  

 

4. Operational capacity: since gasification is still a new technology in Uganda, there are very 

few skilled personnel able to operate gasifiers. Coupled with this, gasifiers, by nature 

require highly trained individuals who require high remunerations in comparison to 

operators of traditional technologies e.g. oven and kiln operator. 

 

5. Sustainability: whereas running a gasifier may be profitable from the point of fuel savings, 

this might not be the case when maintenance is factored in. Skilled engineers are not yet 

readily available in the country to service these technologies. 

 

6. Finally, yet importantly, there is a need for more field demonstrations on how gasifiers 

can be used to replace old technologies in small-scale industries. These installations may 

be set up by research institutions, government and donor agencies in partnership with 

local industries to reduce upfront costs. Without enough evidence of applicability of these 

technologies, they cannot be easily adopted. 
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Gosh et al. [2005] comes to the same reasons for low adoption in India based on research in this 

country. According to Gosh, the research and development, information dissemination and 

economics of gasifier technologies are all barriers in the dissemination and popularisation of the 

gasifier technologies. This compares very well to the Ugandan experience.  

 

 

2.8 Application of biomass gasification in SMIs  

 

There are a number of industries where gasification has been used in order to retrofit other 

technologies. Taking India as a case in point, gasification technologies have been adopted for the 

following thermal applications: 

 

1. Drying 

Gasification has been adopted for drying farm products such as fruits, tea, coffee, tobacco, and 

cardamom and in some cases rubber drying.  

In India, gasifiers have been designed and adopted in drying of cardamom and in silk yarn 

production. When using the gasifiers in cardamom drying, the capsules fetch a premium in the 

market because they retain their natural red colour and carry a richer aroma (35% more volatile 

oils than those dried in the traditional stoves) and the consumption of fuelwood is more than 

halved (TERI, 2009). And the design of the gasifier has been kept simple enough so that it can be 

manufactured cheaply – it uses discarded barrels of oil – in local workshops. In the case of silk 

production, the gasifiers provide better control over the temperatures needed for silk yarn reeling. 

The silkworms are boiled to release the gum that holds the silk together. This process requires a 

large wood fuel supplies and gasification reduces the fuel consumption by over 60%. In addition, 

the process reduces water demands by 30% (TERI, 2009). 

 

2. Ovens 

Gasifiers have also been found applicable in confectionery industries. Producer gas is fired at 

controlled conditions to produce heat for proofers and ovens. The heat delivered can easily be 

controlled through increasing or reducing gas and airflow in the combustion chamber thereby 

providing greater control on the system when compared to traditional wood fired ovens. 

Furthermore, these systems have been operated with many different forms of biomass fuels 

including maize cobs, rice husks, wood fuels, among others.  

In Myanmar, crop residues have been used to cure tobacco and has led to reduction of fuel used 

by 75%, reduced curing time by about one day and improved leaf quality [Dhingra, 2009].   

 

3. Kilns 

In ceramics industries, gasifiers have been used to raise kiln temperatures to between 700 – 1000oC. 

Such temperatures are required for baking pottery, bricks and tiles. 

 

4. Furnaces 
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Melting of metals such as aluminium, lead, steel and copper has been done using biomass 

gasification. Gasifiers provide an added advantage of controlled heat supply say, during annealing 

processes. The temperatures in the furnace can be held at a desired value by controlling the fuel 

and airflows into the combustion chamber. This process is a lot harder to archive using traditional 

wood fired furnaces. 

In India, many small-scale industries have replaced oil-fired furnaces with producer gas fired 

retrofits. An example is quoted from Kumar [2009] citing M/S Sunil Steel Wires, a company 

engaged in producing galvanized steel wire. The company produces the steel wires on two lines 

i.e., annealing and galvanizing. The consumption of fuel oil was up to 80 l/hr. After installation of 

the gasifier, fuel oil has been replaced by producer gas. This has resulted into a saving of up to 50% 

on fuel costs.  

 

5. Process heat 

In some industries where low temperature steam is needed, such as textiles, dairy production and 

large-scale cooking, gasification can be used to produce fuel for the steam generators at controlled 

temperatures. Unlike traditional wood fired boilers, gasifiers provide controlled fuel release to the 

boiler thereby the steam generation can be easily controlled. 

 

 

2.9 Gasifier design considerations 

 

In the design of a small-scale industrial gasifier system, the most important parameters include: 

 

1. Type of fuel to be used 

Different fuels require different preparation activities before gasification. For example, the amount 

of fuel preparation for wood fuel is different from that required for say, municipal solid wastes or 

agro wastes. It is therefore important to determine which fuel(s) will be used in operating the 

gasifier and all necessary design considerations are then made with fuel type(s) in mind. 

Furthermore, fuels have varying composition of volatiles, tars and chars. (Table 2 shows 

compositions of various biomass fuels).  Depending on the nature of fuels the amount of nitrogen 

in them will vary from fuel to fuel and consequently NOx and NH3 compositions formed during 

gasification will hence be varied. 

  

2. Fuel characteristics 

 

A number of parameters of fuel ought to be considered when dealing with any particular fuel these 

include: 

a. Fuel moisture content 

b. Heating value (lower heating value) 

c. Fuel size 

d. Tars, Chars and inorganic compounds. 
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3. Fuel flow rates 

Load requirements, gas storage provisions and fuel characteristics (LHV, moisture content, 

structure/size of fuel load) determine the flow rate of fuels. 

 

4. Heat generation characteristics 

 

a. Heat generation devices 

b. Heat transfer  

c. Heat losses in the device 

 

5. Thermal energy utilisation characteristics 

 

In small-scale gasification design, it is important to ensure the use of gas to be produced. Such 

designs normally include auxiliary components such as combustion chambers, gas storage tanks 

(where necessary), combustors, heat delivery systems e.g. heat exchangers, steam generators, and 

others. These systems must therefore all be designed properly to archive optimum efficiency of 

the entire system.  

 

The thermal energy utilisation characteristics therefore seek to include the following the parameters 

in the design process. 

a. Product energy requirements 

b. Losses in the devices 

c. Stack losses 

 

6. Corrosives 

Biomass fuels contain various alkaline compounds (including potassium oxide, calcium oxide, 

sodium oxide, phosphorous oxide and magnesium oxide). These alkaline compounds form 

vapours during the gasification process and hence escape solid filtration systems. These condense 

later on around the heat exchangers and [any] turbine blades leading to corrosion of these surfaces 

(Simone, M. et al. 2011). The levels of the various corrosive materials differ from fuel to fuel and 

therefore in design of gasifiers, it is important to consider the effects of these corrosives on the 

exposed parts of the gasifier. 

 

 

2.10 Heat generation using conventional burning 

systems 
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Conventional combustion of biomass fuels involves heating of the fuel to produce a flame. In the 

heating process, combustible gases are released from the biomass. These gases mix with hot air 

and burn leading to increased heat around the burning biomass causing more gases to be released. 

This process continues until all the combustible gases in the fuel are released. Apart from 

combustible gases, tars are formed and released to the atmosphere while char remains glowing 

until only ash is left. 

 

Studies show that gases are released between 200oC (NEST, 2005) and 600oC (UNDP, 2005). 

Conventional burning of biomass fuels suffers from the effect of excess cold air-cooling the flame. 

This reduces effectiveness of this method in the following ways: 

 

- The cold flame does not deliver as much heat as it would if the air was metered 

- Cold air reduces the release of combustible gases due to reduction in temperatures during 

combustion. 

 

In most conventional biomass heat generation systems, there is no sufficient mechanism for fuel 

metering. Fuel preparation is also not well done. Losses are therefore further incurred in the 

following ways: 

 

- Most operators use large pieces of wood fuel in operation. These cannot be burned 

efficiently by naturally aspirated combustion systems 

- Poor fuel metering also causes reduction in efficiency. Fuel is fed into the combustion 

chamber at rates higher than what the oxygen in the air can burn. As a consequence, a lot 

of produced gases are lost as unburnt (smoke). 

- There is also no flame control in case of conventional combustion therefore attaining air 

fuel ratios is not possible in direct combustion of biomass.  

 

 

2.10.1 Calculation of Energy delivered in conventional direct 

combustion systems. 

 

 

2.10.1.1 Fuel Energy Value 

 

The lower heating value of the woodfuel is determined from 

LHVf =18.36 – (0.198 X Mcwb)   

M cwb
M cdb

1 M cdb      
        (1) 
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Where:  

Mcwb = moisture content (wet basis) 

Mcdb = Moisture content (dry basis) 

Source: Biomass gasification by  Rajvanshi  et al. 1986.  

 

2.10.1.2 Energy from fuel  

 

𝐸i=  𝑚f 𝑋 𝐿𝐻𝑉f      

      (2) 

Where 

Ei = Energy from fuel 

mf= mass flow rate of fuel 

LHVf= lower heating value of fuel 

 

 

2.11 Gasifier system sizing parameters  

 

 

2.11.1 Thermal load / energy requirements 

 

The first task in design of gasifier systems is to determine the thermal loads to be catered for. In 

gasifier design, it is imperative to cater for periodic fluctuations in the heating requirements. In 

most small-scale industries, production peaks at some time in the year and is lower in other seasons. 

The designs therefore have to consider the peak season and determine whether it is feasible to 

design for this peak season or average production. In some cases, it would not be recommended 

to design for the peak season if this leads to significant reduction in performance characteristic 

during the off peak season. For example, if the peak season is less than 5% of the total time of 

production, yearly, i.e. less than 1 month per year. Production might have to be adjusted to cater 

for the peak season so that the gasifier designed for such an industry delivers heat lower than the 

peak load requirements 

 

2.11.2 Heating values 

 

When air is used as the gasifying agent, the resultant producer gas has a lower heating value (LHV) 

ranging from 3- 7MJ/m3
n [Erlich et al, 2006] however steam injected gasifiers have LHV in ranges 

of 13-18MJ/m3
n(Knoef, H.A.M., 2006). Heating values are also affected by the type of fuel used 

and they reactor configuration. 
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2.11.3 Gasifier Efficiency (Cold gas Efficiency) 

 

Cold Gas Efficiency is defined as the ratio of energy in the gas to the energy contained in the fuel. 

This parameter is useful because it relates the fuel energy to actual energy from the gas produced 

in the gasifier. It is called cold gas efficiency because no account is made for the fact that the 

producer gas from the gasifier is actually hot.   

 

For direct combustion of the gas however, sensible heat of the gas exiting the gasifier is considered 

due to the fact that for direct thermal application the cooling of the gas is not. The effect of this 

inclusion of the sensible heat of the gas exiting the gasifier is an increment in the thermal efficiency.  

 

 

Whenever the gas produced is to be flared without being cooled, the efficiency of the gasification 

improves since sensible heat from the gas also contributes to the overall thermal efficiency. 

Consequently, the gasification efficiency is then given by: 

 

t 
LHVg *Vg

.

 cpg *Vg

.

* g *T

LHVf *m
.

f

*100(%)

   (3) 

Where: 

g  = Density of gas 

cpg = Specific heat capacity of gas at constant pressure 


t = Thermal efficiency of the gasifier 

 

 

2.11.4 Overall system efficiency  

 

th  =
𝐻𝑒𝑎𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

ℎ𝑒𝑎𝑡 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑓𝑜𝑟𝑚 𝑓𝑢𝑒𝑙
    (4) 

 

 

th 
mpcp, pT

m f LHVf     (5) 
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2.11.5 Losses 

 

A number of losses occur in the processing of any product. When considering a gasifier system, 

the following losses are considered: 

 

- Losses in the gasification process: these include heat losses to the outside of the reactor. 

Literature shows that these losses range from 5-30% depending on insulation used in 

gasifier design and construction. 

- Losses in the gas distribution pipes to the flares in the oven, boilers, kilns, etc. These can 

be greatly minimised through insulation of the pipes.  

- Losses in the kilns, furnaces, boilers during their operation. 

- Stack losses: these include losses due to sensible heat in the stack gases, losses due to 

unburned gases.  

 

 

2.11.6 Comparative fuel consumption 

 

The gasifier systems designed in this project are to be compared to the traditional heating devices 

they are replacing. The fuel consumption of the gasification systems ought to be compared to the 

traditional systems to ascertain their viability. Further still, the specific fuel consumption 

determined is important for relating the fuel needs of different processes.  

 

 

Figure 6: Comparative costs per kWh of thermal energy using various fuel types   

(Source: The Energy and Resources Institute [2006].) 
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2.11.7 Fuel savings 

 

The percentage fuel savings of the gasification system compared to direct burning systems are 

calculated from the following formula below: 

 

100*
i

fi

s
F

FF
F


      (6) 

 

Where: 

Fs = % fuel savings 

Fi = initial quantity fuel used per month  

Ff = Quantity of fuels used per month after installation of new gasifier systems 

 

Another consideration in fuel savings is fuel saved due to use of cheaper alternatives. This takes 

into account the cost of fuel needed to replace the conventional biomass that is being replaced. 

 

2.11.8 Production calculations 

 

2.11.8.1 Installed thermal capacity of the factories 

From the fuel consumption and moisture content data, thermal energy output generated by the 

system is calculated using the equation (7) below 

 

𝐄𝐭𝐡 = ff LHVm       (7) 

 

Where:  

Eth = thermal power output (kW),  

ṁf= fuel consumption rate (kg/s),  

LHVf= lower heating value (MJ/kg) 19.73MJ/kg for woodfuel (Harper et al 1982) and 16.63MJ/kg for 

uncarbonised briquette 

 

The equation above gives the total power produced by the heat generation devices. Power delivered 

to the products is then calculated by factoring in the overall efficiency of the system as given in 

equation 8 below.  

 

  fffthto LHVMCmE  1
    (8) 
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Where:  

Eto = thermal power output (kW),  

Ƞth=s the overall efficiency (%),  

LHVf= lower heating value (MJ/kg) 19.73MJ/kg for woodfuel (Harper et al 1982) and 16.63MJ/kg for 

un-carbonised briquettes  

 

Using equations 7&8 power from both the current heating systems and the proposed gasifiers can 

be calculated for each industry. 

 

In the economic considerations fixed bed gasifiers, because of their suitability for small-scale use, 

have been suggested as replacement alternative. The wood combustion system used in the four 

industries is similar to the inefficient 3-stone open fires, and hence its thermal efficiency was 

conservatively assumed to be 10.3% (Scott P. et al., 2004). The gasifier system overall efficiency of 

40% and its unit capital cost of US$200/kW were used (Ghost D., 2006).  

 

2.11.8.2 Energy demand per kilogramme of product 

 

The energy demand per kilogram of products gives an indication of the energy intensity of the 

current thermal generation system. The equation (9) below is used to determine the energy demand 

of the products using the current systems 

 

𝐸𝑑 =  
𝐸

𝑝𝑡
      (9) 

 

Where: 

Ed= energy demand (MJ/kg of product) 

pt= total monthly production (kg of product/month) 

E=Energy generated per month (MJ/ month) 

 

2.11.9 Economic considerations 

 

2.11.9.1 Equipment replacement costs 

 

The new machinery will attract initial purchase and installation costs. The main costs of machine 

replacement include: 

- Purchase costs 

- Shipping costs 

- Taxes 
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- Handling charges 

- Installation costs 

- Costs attached to commissioning  (trail runs, etc) 

 

2.11.9.2 Depreciation  

 

Wear and tear costs of the machines have to be considered when considering acquiring new plant 

and machinery.   

 

2.11.9.3 Operation and maintenance costs 

 

The operation and maintenance of new installations normally attract cost in training and improving 

of skills of the operators. At times new personnel may be required to properly use the equipment 

installed. This increases the operational costs of the plant. 

 

2.11.9.4 Fuel costs 

 

Agro wastes cost much less than conventional wood or oil fuels. In many cases agro wastes are 

actually available free of charge and only require transportation. Uganda’s agro waste energy 

potential have been shown in Table 5. However, since these wastes are a result of seasonal harvests 

from crops, there is a need to store up the wastes for the periods when they are not readily available.  

 

2.11.9.5 Payback periods 

 

The payback period of retrofitting the conventional equipment with gasifier fired alternatives 

machine is estimated based on a number of costs and savings namely: 

 

- Cost of installation of machinery 

- Cost of additional space required to install machines and store agro wastes 

- Additional labour and other running costs related to the new installations 

- Savings from using more efficient fuel conversion technology 

- Savings from using cheaper readily available fuel sources (agro wastes) 
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2.12 A brief background of industries and 

observations 

 

The industries below were visited on several occasions and interactions with staff and observations 

yielded some insights which also formed basis for undertaking detailed assessment of their heating 

devices.   

 

2.12.1 Maganjo Grain Millers (MGM) 

 

MGM is located about 12 kilometres from Kampala City along Gulu road. The factory is engaged 

in agro processing of grain to produce flour, bread and cakes. The factory produces a number of 

pre-cooked flour products made from maize, soy, silver fish, millet and rice.  

 

The oven at MGM is made from brick and cement-sand mortar with steel baking compartments. 

The oven gets very hot on the exterior surface due to poor insulation and poor fuel regulation 

mechanisms. The oven is fed with large logs (15-40 cm diameter) of firewood of high moisture 

content (over 20%wb) and is fired for about 2 hours before actual baking is done. This is because 

the oven has thick walls that require a lot of heat energy to get the baking compartment to the right 

temperature for baking. The oven capacity was found to be 180 kg of confectioneries per day. 

 

The roasters are made of steel drums driven by a small electric motor to provide rotary motion 

along the longitudinal axis. The drums are filled in batches with grains and heated directly with an 

open fire.  A lot of heat is lost to the surround open air.  There are also delays in loading of grain 

into the drums leading to further fuel losses between batches of roasted grains. The combined total 

production of the roaster was reported to be 2,000 kilograms per day. MGM operates 6 days a 

week excluding Saturdays 

 

2.12.2 East Africa Basic Foods (EABF) 

 

Located in Bunga, 5 kilometres from Kampala on Ggaba Road, EABF is one of the largest and 

oldest producers of soy and maize products. The company deals mainly in precooked soy and 

maize flour products including baby soya porridge, soy-millet, soy-rice mix and high protein maize 

flour.  

 

A motorised grain roaster is used to roast grains while two metal ovens are used to roast wheat 

bran. The motorised roster is made of a steel drum that rotates along its longitudinal axis. The 

drum is powered by an electric motor that provides rotary motion for the grain while it is roasted 

by an open fire. Heat losses to the surroundings are high for both the roaster and the two ovens 

due to poor insulation of the combustion and heat utilisation chambers.  

 

Production of the roaster is 1,200 kilograms of grains while the ovens process 80 kilograms per 

day. EABF operates 6 days per week excluding Saturdays for religious reasons. 
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2.12.3 Makerere University Bakery (MUB) 

 

Makerere University bakery is located within the University, about 3 kilometres from Kampala City 

on Bombo Road. The bakery makes bread for all the University Halls of Residence. The oven is 

made of brick and cement-sand mortar. It has four compartments that can accommodate 4 trays 

each. Firewood is used in the bakery while an electric proofer is installed to provide heat and 

moisture required to raise the bread (proofing). During the visits, it was observed that the firewood 

used was wet and large pieces were being fed into the combustion chamber. The capacity of the 

bakery was at 300 kg of bread per day working only 5 days per week. 

 

2.12.4 Nguvu Coffee (NC) 

 

Nguvu coffee is one of the few local coffee processors. The coffee processing factory is located 

on Mityana Road. Here, un-carbonised briquettes are used as fuel for roasting the coffee beans. 

The roaster is made of a steel drum that is rotated by an electric motor while being heated below 

by heat energy from the briquettes. A blower is used to increase airflow to the combustion chamber 

though the chamber itself is not well insulated. At the end of the system an extraction fan is also 

built into the chimney. The briquettes are readily available from a sister company called Kampala 

Jellitone Suppliers KJS. Even with the guaranteed availability, the cost of these briquettes is much 

higher than the cost of wood fuel (see table 9 below) increasing the final cost of the products.  
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3 Chapter three: Methodology 

3.1 Introduction 

 

Fourteen small-scale industries were scoped from which four accepted to be part of the study. In 

selection of the industries, the following criteria were followed: 

 

- Small-scale industries were chosen instead of large-scale manufacturers due to the fact that 

these are the majority in Uganda.  

- The industries chosen were using biomass and fossil fuels for their thermal loads. These 

were chosen on the premise that they can be retrofitted with biomass gasifiers and 

therefore offer better comparisons than those that use electricity for heating applications. 

- In general the industries considered also could easily access biomass (agro and non agro) 

residues to utilise with the gasifier systems.  

 

The target of the study was to investigate biomass use for thermal applications in fourteen small-

scale processing industries. The table 7 below shows the industries considered for the study 

 

 Company Number of visits Remarks 

1 GM sugar – Jinja 2 Days  No response 

2 East Africa Basic Foods 4 Days  Accepted 

3 Nguvu Coffee - Wakiso 4 Days  Accepted 

4 Maganjo Grain Millers 4 Days  Accepted 

5 Zigoti Coffee  2 Days  Denied 

6 Mukono Kings Bakery 4 Days  No response 

7 University Bakery 4 Days  Accepted 

8 Good African Coffee 1 Day  Denied 

9 Kyagalanyi Coffee 1 Days  No response 

10 Mayuge Sugar Factory 2 Days  No response 

11 Ntake Bakery 2 Days  No response 

12 Kayabwe Soya Packers 1 Day  No response 

13 FADCA (bakery) 1 Day  No response 

14 Trust Bakery 1 Day  No response 

Table 6: Responses companies that had been selected for the study  

 

Out of fourteen industries that had been contacted for this research, only 4 accepted the researcher 

to carry out data collection at their premises. The rest either denied or never responded to the 

requests for the survey.  
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Delays in response from most industries led to delays in data collection, which in turn impacted 

the overall progress on the proposal. It also made the entire data collection exercise very costly. 

 

3.2 Data collection methods 

 

A number of data collection methods were used including; 

- Preliminary surveys and selections: From a list of industries in the central region, several 

small-scale industries were chosen according to the criteria given above. 

- Initial site surveys were conducted where the researcher was granted access.  

- Questionnaires (See appendix III) were used to collect basic data on operations at the 

different plants. Using these questionnaires, information on current fuel costs, demand, 

accessibility to fuel (that is biomass) supplies, type of fuel being used, and any related 

challenges were noted. 

- Observation of fuel handling processes, storage of fuel, heating devices operational 

procedures was carried out. 

- Measurements of the following parameters were also carried out: 

a. Moisture content of biomass using oven methods and dry basis methods 

b. Weight of fuel used over a specified time  

c. Daily weight of products  

d. Temperature in the following areas 

 combustion chambers 

 processing vessels (drums, oven baking chambers, roasters, etc) 

 surfaces of combustion chambers and processing vessels 

 exhaust gases where applicable 

 

3.3 Tools and instrumentation  

 

A number of instruments were used in the field to measure the various parameters as listed in table 

6. 

 

Parameter Instrument used Manufacturer Range Accuracy 

Wood fuel moisture 

content 

Protimeter mini General Electric 5-100% (db) +/- 5% 

Briquette moisture content Oven    
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Surface temperature of 

roasting devices and ovens 

Infrared pyrometer Raytek +3000 oC +/- 1oC 

Temperatures in 

combustion chamber 

Infrared pyrometer Raytek +3000 oC +/- 1oC 

Heat utilisation chamber 

temperature 

Resistance thermometer 

with ambient air probes 

Hanna 

Instruments 

+500 oC +/- 1oC 

Exhaust temperatures Resistance thermometer 

with ambient air probes 

Hanna 

Instruments 

+500 oC +/- 1oC 

Weight of fuels Digital weighing scale Avery Berkel 30,000g +/- 1g 

Table 7: Instruments used in the data collection 

 

3.4 Economic evaluation 

 

The study evaluated the economics of biomass gasification technology in the provision of thermal 

energy in small scale industries using the RETScreen Clean Energy Project Analysis Software 

(Version 4) that is freely available online (RETScreen International, 2012). With the tool, it was 

possible to project economic viability. This considered the project’s fuel savings, revenues from 

emissions reductions trading against the capital investment and operation costs of the system. The 

evaluations assumed that the factories had own financing to change the systems from current 

traditional cooking to modern gasification options of comparable thermal energy generation 

capacity.  

 

The key parameters used in the evaluation are average inflation rate of 6.2% over the past 15 years 

was applied (IMF, 2011) income tax rate of 25% and depreciation tax basis of 20% (PKF, 2011) 

with Straight-line method over 20 years. Other parameters assumed include fuel price escalation 

rate of 7% discount rate of 12.0% and project life of 25 years. 

 

The study evaluated the financial viability of the changing the combustion systems of the four 

factories under this study considering the scenario where agricultural residues substitute 60% of 

the wood fuel. While the prices of agricultural residues range from US$3/ton to14/ton (Ashden 

Award, 2009) depending on the source in Uganda, the evaluation considered a conservative price 

of US$15 per ton. The LHV of 16.5MJ/kg and the moisture content of 15% (wb) for air dry 

agricultural residues (Bingh, L.P., 2004) were assumed for each factory. The amount of agricultural 

residues and woodfuel for each of the four factories were then calculated. 

 

It is also important to note that for the same power output, more agro-wastes need to be 

combusted since they have lesser heat value in comparison to wood fuel. From the literature above 

the following information is provided: 

 

LHV for wood fuel = 19.730 MJ/kg 



36 
 

LHV for agro-wastes = 16.5 MJ/kg 

 (Sources: Harper 1982, Huhtinen, M.  2005, Jekayinfa, S.O, et al. 2005) 

Percentage of extra agro-wastes to meet the same heat demand of products is given as 

 

19.73−16.5

19.73
∗ 100% = 16%      (10) 
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4 Chapter four: Results and Discussion 
 

In this chapter the findings of this study are presented in details. A discussion on the analysis of 

the results is also done to provide the author’s opinions on these results. 

 

Figure 7: A grain roaster at Maganjo Grain Millers 

 

 

4.1 Analysis of the energy uses at the selected industries 

 

4.1.1 Energy demand 

 

All industries visited operated biomass fired heat generation devices in form of ovens, roasters or 

dryers. The four places where data collection was done had the following heat utilising equipment. 

 

Industry Heat demand technology Number Fuel used 

MGM Grain roasters, bread oven 3,1 Wood fuel 

EABF Grain, bran ovens 1,2 Wood fuel 

MUB Bread Oven 1 Wood fuel 
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NC Coffee roaster 1 Un-carbonised 

briquettes 

Table 8 Types of fuels used in the four small-scale industries visited 

 

4.1.2 Cost of fuel used  

 

Cost of fuel was investigated from the oral interviews to the various respondents. In most cases, 

the respondents had no records of fuel use for any specific period. At East Africa Basic Foods 

(EABF), even the weekly biomass fuel consumption of the entire plant was not well documented 

because the operators say wood fuel was cheap and easy to access in their case.   

 

Furthermore, MGM and EABF respondents had a hard time determining the fuel used on a 

particular product because they did not meter out fuel for each device. However, the respondents 

provided credible figures on actual fuel costs per trip and the tonnage bought at a time. These 

values were then used in calculating fuel cost per kilogram of product and cost per tonne of fuel. 

Table 9 shows the cost of fuel used at the factories as reported. 

 

 Company Fuel Type Fuel weight 

(Tons/yr) 

Cost of fuel 

(Shillings/year) 

Cost of fuel 

(Shillings/ton)  

MUB Wood fuel 193.28          9,664,000            50,000  

Maganjo Wood fuel 206.40        11,008,000             53,333  

EABF Wood fuel 051.60          2,752,000             53,333  

NC Briquettes 111.89        44,755,200           400,000  

Table 9:cost comparison of the different fuels used in the small-scale industries analysed. Briquettes are 4 times more 

expensive than wood fuel (USD 1= UGX 2500). 

 

4.1.3 Present heat energy generated per kilogram of product 

processed.  

 

From the fuel used per day and daily production data gathered, an analysis of energy demand per 

day was made as given in the table below 
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Company Product Fuel 

Demand 

(kg/month) 

Heat  energy 

demand 

(MJ/month) 

Total 

production  

(kg/month)  

Energy 

demand of 

products 

(MJ/kg of 

product) 

MUB Bread 18,093.33 

 

356,981.00 6,000.00 

 

59.497 

MGM  Bread 9,391.67 185,297.58 4,500.00 41.177 

Maize & soy 7,808.33 154,058 4,500.00 3.081 

EABF Maize & soy 4,300.00 84,839.00 17,975.00 4.720 

Bran 830 19,730 2,000 9.865 

NC Coffee 9,324.00 152,145.30 150,000.00 1.112 

Table 10: Energy consumption at the facilities 

Even with the low consumption of the coffee roaster at NC, the cost of the briquettes used is very 

high and hence it has the highest fuel costs per ton (see table 9 above)  

 

4.1.4 Comparison of power generated and power utilised  

Using equations 7 and 8, power generated and power used was calculated based on 3-stone fire 

efficiency. Table 11 below shows the difference between the power generated and consumed using 

the current technology. 

 

  MCwb  

LHVf 

(kJ/kg) 

Fuel flow rates 

(mf) (kg/s) 

Present thermal 

Power 

generated (Eto) 

(kW) 

Actual power 

available to 

products ( (Eth) 

(kW) 

MUB (oven) 0.23 19730 0.03 395.94 40.74 

MGM (oven) 0.24 19730 0.01 203.96 20.99 

MGM (grain roasters) 0.24 19730 0.01 169.57 17.45 

EABF (grain roasters) 0.18 19730 0.01 100.30 10.32 

EABF (bran roaster) 0.18 19730 0.00 19.36 1.99 

NC (coffee roaster) 0.12 16630 0.01 198.52 20.43 

Table 11: power requirements at different facilities from Equations 7 & 8 

 

The power required for the gasifiers to be able to deliver the same amount of power to the products 

is calculated by factoring the gasifier efficiency of 60% according the Nimbkar Agricultural 

Research Institute (NARI, 2014). In addition, an overall system efficiency of 40% is used taking 
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into account the losses to the ovens and roasting chambers. Basing on these aspects, table 12 gives 

the overall power needs based on the new set up with gasifiers replacing the current combustion 

systems. 

 

 

Power available to 

products (kW) 

Gasifier capacity 

needed (kW) 

MUB (oven) 40.74 101.86 

MGM (oven) 20.99 52.47 

MGM (grain roasters) 17.45 43.62 

EABF (grain roasters) 10.32 25.80 

EABF (bran roaster) 1.99 4.98 

NC (coffee roaster) 20.43 51.07 

Table 12: Gasifier capacity required to retrofit current combustion systems while maintaining the same production 

rate assuming 40% overall system efficiency for each facility and a gasifier of 60% efficiency. 

 

 

Figure 8: Internal and external temperatures of the combustion chambers 

 

These differences were also shown in the baking / roasting compartments as shown in the figure 

9 below. For the roasters at MGM, NC and EABF, the external temperatures, as expected were 

higher than the internal temperatures because the wall are heated directly to roast the grains in the 

rotating drums.  
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Figure 9: internal and external temperatures in the temperatures.  

 

4.1.5 Further comparison of temperatures at various points in the 

equipment 

 

It was also noted that the temperatures varied greatly between the combustion chambers and the 

oven compartments or roasters.  

 

Temperature variations in the roasters were attributed to non-uniform heat energy supply on a day-

to-day basis. Moreover, some roasters had open fires that could not be well controlled to achieve 

uniform heat supply. 

 

For the ovens, there was a sharp decrease in temperature between the oven compartments and the 

combustion chambers. This was attributed to heat losses to the oven walls.  The graph below 

(Figure 10) shows temperature variation between combustion chambers and heat utilisation 

compartments for the factories. 
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Figure 10: A comparison between temperatures in the combustion chamber and the 
roasting / baking compartments 

showed over 50% temperature difference for almost all devices. 

 

In most cases the temperatures dropped more than 50% between heat generation and heat 

utilization chambers.  

 

The temperatures in the combustion chambers for the two bakeries were analysed further and it 

was observed that they varied widely for MGM but were more uniform in the case of MUB. MGM 

combustion chamber temperature was for the three days were between 854oC and 1054oC with a 

standard deviation of 90.8oC while MUB’s combustion chamber temperature ranged from 664oC 

to 750oC with standard deviation of 34.9oC. This could have been due to more consistent fuel 

supply at MUB and more skilled handling of operation.  

 

4.1.6 Fuel Moisture content 

 

The fuel moisture content of the wood fuel was high and varied from piece to piece. The wood at 

Maganjo had the highest moisture content while the briquettes at NC had the lowest values (see 

table13 below).  

 

Factory  Day1 Day2 Day3 Mean 

STD 

DEV 

MUB 25 24 30 25 32 48 32 22 33 30.11 7.83 
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MGM 29 24 41 28 30 26 48 22 33 31.22 8.38 

EABF 17 21 33 19 29 33 17 30 30 25.44 6.82 

NC 13.1 12.8 13.2 13.0 12.8 13.1 12.9 12.9 13.2 13.00 0.16 

Table 13: Variation in moisture content at the factories over the 3-day period 

 

Furthermore, the moisture content variations also indicate lack of fuel management practices 

(including splitting of firewood, drying and storage in shelter). Apart from NC, all the other 

factories had their fuel delivered to open grounds where rain and dew would add to the moisture 

contents. 

 

4.1.7 Losses 

 

The study revealed a number of areas where losses in energy was evident. These are detailed below: 

 

- Device Insulation 

All roasters lacked insulation leading to heat losses. Ovens were built with thick walls that take out 

a lot of heat in the initial firing every morning before baking can commence. The employees 

reported a two hours of firing the ovens before actual baking can be done. All fuel in this time is 

used to bring the baking chamber to the required temperatures. The actual baking time for breads 

was about 15 minutes to 25 minutes with batch loads of 200 loaves each.   

 

- Fuel moisture content 

The fuel moisture content for the factories using wood fuel was relatively high (12-24% wb) due 

to lack of proper fuel handling systems at the plants. This reduces the lower heating value hence 

losing energy to moisture evaporation. 

 

- Wood size 

At MUB, MGM and EABF, the size of wood fuel used was very large (diameters between 6 and 

18 cm). Further, splitting to thickness of no more than 5 cm though needed was not among the 

activities carried out at the plant. 

 

- Combustion devices 

The roasters at MGM and EABF were fired with open flames, at EABF the bran ovens had 

shielded combustion chambers but without any insulation. This inevitably leads to losses around 

the combustion chambers. Temperature inside and on the walls of the combustion chambers are 

shown in Figure 8  

 

- Skill and operational management 
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Management were asked if operators of the roasters and ovens had specialised trainings and in all 

cases the response was that no particular training on fuel management had been undertaken. This 

is expected to be a cause of further loss of fuels during operations.  

 

 

Figure 11: wood fuel at EABF exposed to the weather elements 

 

4.2 Economic evaluation 

 

The current heating devices use direct heating to produce heat for roasting or baking. The devices 

show a number of areas where energy loss occurs as described below. Furthermore, the cost of 

fuels used is high when compared to the costs associated with use of agro wastes.  

 

However, the new systems would require space for installation, skilled labour for operation, better 

fuel management and space for fuel storage. These all require financing to implement and hence 

need to be well considered before implementation is done. 

 

4.2.1 Requirements for retrofitting current systems with gasifiers 

 

A number of considerations need to be met if retrofitting is to be done namely: 
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4.2.1.1 Fuel options 

 

The study looked the products handled and determined the amount of agro wastes that are related 

to these products or easily available to the companies. Some companies deal in products that have 

agro wastes readily available in the process. Modern gasifiers are designed to use a number of fuel 

options and hence these factories can potentially use maize cobs, rice husks and straws, coffee 

husks, bagasse and other agro wastes.  

  

 

4.2.1.2 Fuel accessibility 

 

There are a number of wood mills in Kampala to supply sawdust however the costs of these 

options were not determined in this study. The factories could also get agro wastes including maize 

cobs, rice husks and coffee husks from their supplier of grains. For example, NC’s briquettes are 

made by a sister company: Kampala Jellitone Suppliers limited and they are made from coffee 

husks. Hence, coffee husks are readily available to NC. MGM and EABF are involved in maize 

meal packaging and could easily get maize cobs from their suppliers of grains. Maize cobs would 

also be easy to get by MUB given its location and the high number of grain millers in Makerere 

Katanga area whom could supply these agro wastes. Rice husks are also easy to access for MGM 

and EABF.  

 

 

4.2.1.3 Investment and operational costs 

 

The gasification technologies require financial commitments to purchase, ship, install, commission 

and operate. Skilled manpower will be needed to operate the equipment. Furthermore, for these 

systems to be successful there would be need for improving the efficiency of the ovens and 

roasters. This would involve retrofitting them with modern efficient ovens that are well insulated. 

These poses further cost implications. 

 

 

4.2.1.4 Power savings 

 

In order to determine the benefits of installing gasifiers to replace the current systems, power 

savings that would be realised by using the gasifiers were calculated based on two savings namely: 

- Savings from efficient use of wood fuel 

- Savings from replacing 60% of wood fuel with cheaper agro wastes 

 



46 
 

Table 14 shows the energy savings realised through installation of gasifiers – excluding the costs 

of operating the new systems. The cost of improving insulations on the baking compartments and 

roasters has also not been considered.  

 Current energy 

generated (MWh) 

Gasifier energy 

production 

required (MWh) 

Energy savings 

(MWh) 

MUB (oven) 1,425.4 366.7 1,058.7 

MGM (oven) 734.3 188.9 545.4 

MGM (grain roasters) 610.5 157.0 453.4 

EABF (grain roasters) 361.1 92.9 268.2 

EABF (bran roaster) 69.7 17.9 51.8 

NC (coffee roaster) 714.7 183.9 530.8 

Table 14: Gasifier energy production capacity required to retrofit current combustion systems and associated energy 

savings 

 

Further analyses of gasifier capacity were done assuming one gasifier is installed per factory to 

supply all thermal loads on site.   

 

4.2.2 Gasifier costs 

For MGM and EABF one gasifier was proposed to supply heat for the two processes at each 

factory that is, for EABF all roasting (bran and grains) and for MGM, baking and roasting of grains. 

Table 15 shows the overall cost of the proposed gasifier systems based on cost average of 

US$200/kW: 

 

Total cost of Gasifiers Gasifier Capacity 

(kW) 

Cost of gasifier unit 

(US$) 

MUB 101.86 20,371.20 

MGM 96.09 19,218.06 

EABF 30.78 6,156.35 

NC 51.07 10,214.04 

Table 15: cost of gasification systems proposed to replace current combustion systems. 

 

4.2.3 New fuel demand by the gasification systems. 

 

The new fuel demand of the gasification systems were calculated based on the following data: 

- 40% of the fuel is from wood 

- 60% of the fuel is from agro wastes 
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- Moisture content of the fuel is 15% (wet basis) 

- Production capacity (hence heat demand) remains constant as per current system.  

- 16% extra mass of agro wastes required to produce equivalent energy content as 

wood fuel  (given by the equation 10) 

 

  New mass 

flow rate 

(kg/s) 

Eq. Wood 

used (Tons / 

yr) 

Wood fuel 

(40%) 

Agro 

wastes 

(60%) 

Proposed 

fuel 

required 

(tons) 

MUB 0.0061 50.38 20.15 35.06 55.21 

MGM 0.0057 47.52 19.01 33.08 52.09 

EABF 0.0018 15.22 6.09 10.60 16.69 

NC 0.0036 29.97 11.99 20.86 32.84 

Table 16: Fuel demand of proposed gasifier systems from equation 10 

 

4.2.4 New Fuel costs 

 

Using these fuel costs for wood-fuel from the responses during the surveys and the average cost 

of agro wastes noted in literature (US$ 15 / ton), the cost of fuel while using the gasifiers was 

calculated as shown in the table below. Note that the average cost of wood-fuel from the responses 

was US$ 21.32 per tonne. This was the cost used to determine the cost of 40% wood for all 

gasifiers. 

 

 Cost of fuel 

(US$/ton) 

Current total 

tonnage/year 

Current cost Cost using 

gasifier 

MUB 20.4082 217.12 4,431.02 955.44 

MGM 21.7686 206.40 4,493.03 901.35 

EABF 21.7686 61.56 1,340.07 288.74 

NC 163.2653 111.89 18,267.43 568.35 

Average wood fuel cost 21.32 

Table 17: comparative costs of fuel using 40% woodfuel and 60% agrowastes in the gasification systems. 

 

4.3.5 Cost-Benefit analysis  

Using RETscreen tool, the cost benefit analysis was carried out including sensitivity of the 

operations.  
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4.2.4.1 Breakdown of gasifier costs 

The costs involved in the gasifier installation were divided as per table 18 below: 

 

Initial costs  Percentage MUB (US$) MGM 

(US$) 

EABF 

(US$) 

NC (US$) 

Feasibility study 5.50% 1,120.42 1,056.99 338.60 561.77 

Development 15.20% 3,096.42 2,921.15 935.77 1,552.53 

Engineering 64.30% 13,098.68 12,357.22 3,958.53 6,567.63 

Balance of system 

& misc. 

15.00% 3,055.68 2,882.71 923.45 1,532.11 

Total costs 100.00% 20,371.20 19,218.06 6,156.35 10,214.04 

Table 18: distribution of costs of the gasifier systems 

 

4.2.4.2 Costs, savings and income summary 

 

The overall costs were further analysed with RETScreen against incomes from carbon emission 

reduction revenues and savings related to operating the gasifiers. Carbon emission reductions 

resulting from using gasifiers were considered as well in the cost benefit calculations and resulting 

cash flows. The following emission trading parameters have been used.  

 

 

 

 

 

 

Table 19: CO2 emission reduction parameters 

 

Table 20 shows the summary of the revenues and incomes against the costs implications of 

installing the gasifiers. It can be seen that annual savings are more than 50% of initial costs except 

for the case of EABF which has low fuel demand. In case of NC, the savings attained using a 

gasifier are much higher because the current fuel used is very expensive hence the change would 

lead to great savings. 

 

Analysis of financial viability was also done for the 4 factories. Table 20 shows the internal rates 

of return (IRR), net present value (NPV), benefit-cost (B-C) ratios, simple and equity payback 

periods as well as annual life cycle savings. 

 

Parameter Quantity 

GHG credit transaction rate (%) 2.5 

GHG reduction credit rate ($/tCO2eq) 20 

GHG reduction credit escalation rate (%) 3.0 

GHG reduction credit duration (yr)  25 
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From table 21, it is further evident that installation of the gasifiers leads to fast pay backs and hence 

make the projects viable. The degree of viability depends on current levels of fuel demand and cost 

of fuels currently used. 

 

Project costs and savings 

summary     MUB MGM EABF NC 

Feasibility study 5.5% $ 1,102.42 1,056.99 330.60 561.77 

Development 15.2% $ 3,096.42 2,921.15 935.77 1,552.53 

Engineering 64.3% $ 13,098.68 12,357.22 3,967.63 6,567.63 

Balance of system & misc. 15.0% $ 3,055.92 2,882.86 923.20 1,532.40 

Total initial costs 100.0% $ 20,353.44 19,218.22 6,157.20 10,214.33 

Total annual costs  $ 3,750.66 3,571.41 1,518.82 2,245.73 

Fuel cost - base case  $ 4,428.58 4,493.04 1,340.09 18,267.75 

GHG reduction income - 25 yrs  $ 6,495.39 6,190.50 1,800.06 3,171.27 

Total annual savings & income  $ 10,923.97 10,683.54 3,140.16 21,439.03 

Table 20: costs, savings and income summary for the 4 factories 

 

Hence NC would get the highest returns since it would replace the most expensive fuel while 

EABF would have to wait a longest to recoup it’s investment. 

Financial Viability     MUB MGM EABF NC 

Pre-tax IRR - equity % 48.8% 51.3% 36.5% 256.1% 

Pre-tax IRR - assets % 48.8% 51.3% 36.5% 256.1% 

              

After-tax IRR - equity % 45.7% 48.0% 34.2% 237.3% 

After-tax IRR - assets % 32.3% 34.0% 24.2% 164.4% 

              

Simple payback yr 2.3 2.2 3.0 0.4 

Equity payback yr 2.3 2.2 3.1 0.4 

              

Net Present Value (NPV) $ 43,699 44,777 8,156 192,858 

Annual life cycle savings $/yr 5,572 5,709 1,040 24,589 

              

Benefit-Cost (B-C) ratio   3.15 3.33 2.32 19.88 

GHG reduction cost $/tCO2 -17.16 -18.44 -11.55 -155.08 

Table 21: financial viability of installing gasifiers at the 4 factories 
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4.2.4.3 Cumulative savings 

 

Based on the annual costs, savings and revenues, cumulative savings resulting from the installations 

of the new systems were calculated. Figures 11-15 below give the summary of the savings attained 

by the 4 factories over the 25year term of operating gasifiers. It was observed from the figure below 

that all factories have high potential to save money when the gasifier option has been considered.  

 

Figure 12: Cumulative cashflow analysis for MUB. Note the breakeven point just over 2 
years 
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Figure 13: Cumulative cash flow analysis for MGM.  

Like the case of MUB, breakeven point is just over 2 years. 

 

Figure 14: Cumulative cash flow analysis for EABF.  
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This factory has longer payback period hence longer time before break even (just over 3 years).  

 

 

Figure 15: Cumulative cash flow analysis for NC.  

NC has the shortest payback period hence a shortest breakeven point of only months from installation. 
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Figure 16: Comparison of cumulative cash flow analysis of the 4 factories 
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4.3 Risk analysis 

 

The RETScreen tool was also used to calculate risk analysis on NPV for investing in a new gasifier 

system at each of the 4 factories. The tool performs a Monte Carlo Simulation and impact of the 

key parameters in table 22 below on the net present value (NPV) of installing the gasifiers at each 

is shown in the charts that follow. The ranges chosen for initial costs, fuel and O&M costs have 

been deliberately made larger while on the other hand ranges for revenues / savings have been 

kept low to maintain the conservative results. Initial costs, O&M 

 

Parameter Unit Range (+/-) 

Initial costs $ 10% 

O&M $ 10% 

Fuel cost - proposed case $ 10% 

Fuel cost - base case $ 10% 

GHG reduction credit rate $/tCO2 5% 

Net GHG reduction - credit duration tCO2 5% 

Table 22: Parameters and ranges for risk analysis 

 

4.3.1 Risk analysis for MUB 

Figure 17 shows that the most critical parameters that impact the NPV for MUB gasifier project 

would be the changes in initial fuel costs and O&M costs. Conversely initial costs and proposed 

fuel cost variations impact least on the overall project NPV. Slight variations in GHG reduction 

credit rates and Net GHG reduction credit durations also have significant impacts on the NPV. 

 

Figure 17: Impact of selected parameters on NPV at MUB 
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4.3.2 Risk analysis for MGM 

The impacts on NPV at MGM are very similar to those for the case at MUB as shown in figure 

18. 

 

Figure 18: Impact of selected parameters on NPV at MGM 

 

 

4.3.3 Risk analysis for EABF 

 

From figure 19 below, The base case for fuel costs and O&M costs affect NPV of the gasification 

project at EABF most. Again GHG reduction related revenue changes also have significant 

impacts on NPV while the initial costs and proposed fuel cost have the least impacts on the NPV.  

 

Figure 19: Impact of selected parameters on NPV at EABF 
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4.3.4 Risk analysis for NC 

For the case of Nguvu Coffee, the most critical assessment must be put on the current fuel costs 

as this has the greatest impact the NPV of the entire project (figure 20).  

 

 

Figure 20: Impact of selected parameters on NPV at NC 

 

These analyses all point to the following common conclusions: 

1. The base case fuel cost is the most sensitive parameter to consider before deciding to 

whether or not change the combustion system to gasification technology. 

2. A good analysis of O&M costs will also be vital in decision making concerning the project  

3. Conversely, variations in initial costs and proposed fuel costs have the least impacts on 

the projects. 
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5 Chapter five: Conclusions and Recommendations  

 

5.1 Conclusions 

 

5.1.1 Thermal loads in selected small scale industries 

 

The study analysed the current thermal loads of 6 production lines form 4 factories. It was found 

that all the factories use direct combustion systems to burn the fuels. The main causes of thermal 

energy losses along the processing lines were investigated for the four plants. It was determined 

that losses were mainly due to high moisture content, lack of skills in fuel management and energy 

intensive devices used.   

 

Analysis of temperature and fuel usage showed potential areas for improvement on efficiency of 

the devices including insulation of the combustion chambers and retrofitting the rosters with 

modern energy efficient versions. Open fires that were found in the roasters are commonplace in 

small-scale industries across the country. These are associated with poor combustion and loss of 

heat to the surroundings. 

 

Temperatures in the combustion chambers were much higher than the desired temperatures in the 

baking and roasting compartments. As a result, high heat losses were encountered leading to high 

specific fuel consumptions in some devices. 

 

Ovens in particular were very energy intensive due to the huge amount of heat needed to get them 

to attain baking temperatures.  These required at least 2 hours of preheating before actual baking 

starts.  

 

Of all the devices inspected, the ovens had the highest energy demand due to thick walls that take 

up a lot of energy to heat up before baking can commence. Roasters generally had lower heat 

demands compared to ovens. Consequently bread had the highest energy intensity and while coffee 

had the lowest energy intensity.  The high temperature developed in the combustion chamber are 

well utilised in roasting large batches of coffee beans. There were however some losses in heat to 

the atmosphere from the roaster and combustion chamber. Even with this lower energy intensity 

the cost of briquettes was almost 6 times higher than the wood hence operations of the briquette 

fired roaster proved to be much more expensive.  

 

Temperature variations in the heating devices and the heat utilisation chambers were also evident. 

These variations were attributed to lack of control mechanism in the devices. The effect is varying 

quality of products and losses in energy. 

 

The Oven at MUB had the highest fuel consumption due to the high losses to the thick walls. In 

general, both ovens visited had very high fuel consumption because of the inefficient combustion 

of fuels compounded by poorly insulated walls that take out a lot of heat from the processes. 
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The moisture content of the wood supplies inspected for each of the factories using wood fuel was 

relatively high. Maganjo Grain Millers had the highest moisture content values (average 31.4% wb) 

while moisture content of briquettes used at NC was lowest and uniform (average 13.1% wb) there 

was also general lack of fuel management at the site all leading to wastage of fuel. 

 

5.1.2 Current energy costs using present energy conversion devices  

 

The four industries are currently spending significant amounts of money on energy. Firewood costs 

ranges between UGX 50,000 and UGX 53,333 per ton while briquettes cost UGX 400,000. Due 

to the energy intensive nature of these industries, most of the energy produced was being wasted 

therefore resulted very high expenses on firewood and briquettes. Annual expenses on firewood 

for bread baking were found to be highest while expenses for roasting were lower. Analysis clearly 

shown that bread ovens being used are the most inefficient of all devices investigated. 

5.1.3 Potential for agro waste replacements 

 

Literature showed that there was a large supply of agro wastes that could be useful in replacing the 

current wood fuel and briquette based systems (Bingh, 2004). These options include maize cobs, 

bagasse, coffee husks among others. It was estimated that with gasification, up to 60% of current 

fuels would be replaced with agro wastes. 

 

5.1.4 Cost analysis of use of agricultural wastes with gasification 

technologies compared to current fuel and combustion 

systems 

 

The cost of traditional biomass fuel (charcoal and wood fuel) in Uganda is very high due to 

restrictions on use of wood fuel and its scarcity in general. This study analysed technical and 

financial implications of using gasification of available agro wastes to replace part of the fuels in 4 

small scale industries involved in agro processing based on data collected and literature available.   

 

Use of un-carbonised briquettes was also considered uneconomical due to high cost per tonne. 

Compared to the wood fuel, the briquettes were 4 times the cost per tonne. 

 

Agro-wastes fuel supply was considered readily available and cheaper than wood fuel which is 

currently being used at the four factories. Maize cobs and rice husks were suggested as suitable 

alternatives to replace 60% of fuel at MGM and EABF. MUB would also benefit from easy access 

to maize cobs and stalks. NC on the other hand has access to coffee husks and these would replace 

the current expensive briquettes used at the factory presently.   
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5.2 Recommendations 

 

The study showed viability for use of gasification in small scale industrial thermal applications. It 

is recommended pilot installations of gasifiers for thermal applications should be considered in 

Uganda where scarcity of traditional fuels (wood fuel, charcoal, petroleum) is getting worse every 

year. Short payback periods and huge net present values of the proposed systems are all favourable 

indicators that gasification for thermal applications is a worthwhile option.   

 

There were many observable causes of energy losses noted during the study. Losses were not only 

observed in the combustion chamber device but in the heat utilisation chambers, exhausts and on 

external surfaces as well. It is recommended that insulation is done for all the devices from 

combustion chambers to exhaust to minimise heat loss. Training is also recommended for the 

operators to reduce wastage of fuel.   

The factories that were used in the research had space limitations to handle replacement of fuels 

and equipment. Solutions to these limitations need to be got creatively. 

 

Risk analysis showed that the base price of fuels used in the most critical parameter to consider. 

Variations in this parameter will affect the NPV of the project most. It is recommended that further 

detailed analyses be conducted on fuel prices before a decision to install gasifiers is reached. 

 

Gasification is relatively a new technology in Uganda and capacity and equipment repair/ 

replacement challenges will be experienced in the next few years. For the small-scale industries, 

guarantees need to be provided to ensure successful adoption of the gasification technologies. Lack 

of local dealers and servicing companies are expected to limit adoption of the technologies 

 

The high upfront costs of these systems may also limit their uptake and creative financing 

mechanisms will be needed to attract investments. Loans and grants from line ministries, 

development partners and banks would greatly increase affordability and hence adoption. 

 

The small-scale processors do not have the capacity to handle gasifier technologies. Support 

mechanisms ought to be set up for staff of these industries to access on job training and subsequent 

retraining if these systems to run successfully. 

 

In order to determine actual energy requirements for roasting and baking, calorimetry of the 

different these products should be carried out. This study did not include detailed analysis energy 

requirement for roasting the different grains and baking bread. There was scarcity of literature on 

energy requirements for roasting grains hence further analysis and determination of actual energy 

requirements in these industries could not be concluded.  
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7 Appendices 

7.1 Appendix A: Budget 

No. Item Particulars Frequency Cost 

Total 

(UGX)  

1 Field visits Kiko Tea Estate 3 Visits  40,000   120,000  

    Soya Processing 3 Visits  5,000   15,000  

    Nguvu Coffee 3 Visits  5,000   15,000  

              

2 Paperwork Questionnaires 10 copies  5,000   50,000  

              

3 Interviews rercoder 1 unit  50,000   50,000  

    tapes 6 pieces  2,000   12,000  

              

4 Literature Printing 500 pages  200   100,000  

              

5 Final Report Printing 5 copies  15,000   75,000  

    Binding 5 copies  10,000   50,000  

  Total          487,000  
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7.2 Appendix B: Work plan 

    February March April May 

No Week 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

  Activity                                 

1 Proposal finalization                                 

2 Literature review                                 

3 Setting up interviews                                 

4 Interviews                                 

5 Observations and measurements                                 

6 Data compilation and analysis                                 

7 Thesis writing                                 

8 Presentation                                 

9 Final Thesis                                 

 



I 
 

 

7.3 Appendix C: Questionnaire 

 

Company name:_______________________________________________ 

 

Name of respondent:____________________________________________ 

 

Designation: __________________________________________________ 

 

Date: ----------------------------------------------------------------- 

 

Fuel needs costs and supply 

 

What fuel do you use for the factory’s heating needs?   

______________________________________________________________ 

 

How far do you fetch the fuel from the factory premises (in km)?  

______________________________________________________________ 

 

What is the cost of the fuel? (Please indicate the price per tonne or litre)  

______________________________________________________________ 

 

Do pay for the transportation of the fuel? ____________________________ 

 

If yes, how much do you pay for the transport? ________________________ 

 

Do you ever face delays in delivery of fuel? ___________________________ 

 

If yes, please indicate the average time you have to wait for the fuel to be delivered 

_______________________________________________________ 

 

Please mention any other challenges you face in your fuel supply  

___________________________________________________________________________

_________________________________________________ 

 

 



II 
 

Have the fuel prices gone up per kg/tonne of fuel you purchase?  

______________________________________________________________ 

 

If yes, please give at least two other prices of fuel per kg/tonne in the past.  

______________________________________________________________ 

 

 

Fuel Use 

 

How much of this fuel do you use say per hour/ per day (please indicate how many hours you 

operate in a day)?  

______________________________________________________________ 

 

How many people man the boiler/heating device? ____________________ 

 

How do you control the temperatures and fuel flow rates?  

___________________________________________________________________________

_________________________________________________ 

 

Do you have any wasted/unburned fuel (e.g charcoal)? _________________ 

 

If so please indicate the quantity that is unburned (kg)  

______________________________________________________________ 

If so, do you use this fuel for other factory processes?  

______________________________________________________________ 

 

Do you dry you fuel when it is delivered? ____________________________ 

 

If yes, how long? _________________________________________________ 

 

How many people do you employ to man the heating devices? 

______________________________________________________________ 

  

Has there been any increase in your fuel consumption over the years? 

______________________________________________________________ 

 

If yes, please indicate the rate of change per year ______________________ 



III 
 

 



 

PART 2: Observations and Measurements 

 

Heating demands: Name processes 

1. _____________________________________________________ 

2. _____________________________________________________ 

3. _____________________________________________________ 

4. _____________________________________________________ 

 

Fuel source for heating 

___________________________________________________________ 

Fuel moisture contents (% db)(to be changed to wb in calculations) 

 

Sample 1 Sample 2 Sample 3 

   

   

   

   

 

Main Use of heat energy 

__________________________________________________________ 

 

Fuel flow rates ____________________________________________ 

 

Temperature measurement in main devices (oC) 

 

 Device surface Heating chamber Stack 

Device 1    

Device 2    

Device 3    

Device 4    

 

Combustion residues (kg) 

 

 Charcoal Unburned 

Device 1   



-5- 
 

Device 2   

Device 3   

Device 4   

Totals   

 

Auxilliary power consumption 

kWh/month _______________________________________________ 

kVA/month ________________________________________________ 

Cost per kWh ______________________________________________ 

Cost per kVA _______________________________________________ 

Other observations: 

Shade for fuel? 

__________________________________________________________ 

Smoke in the boiler rooms? __________________________________ 

Presence of soot? _________ 

 

 

 


